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INTERNAL COMBUSTION ENGINE HAVING
THERMAL STORAGE DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an internal combustion
engine having a thermal storage device.

2. Description of the Related Art

Demands for improvement of startability, reduction of
tuel consumption and improvement of emission are placed
on 1ternal combustion engines that are 1 a cold state. To
meet these demands, there 1s a known technology utilizing
a thermal storage device as a technology for heating the
internal combustion engine 1n an early stage (see {for
example, Japanese Patent Application Laid Open No. 2002-
21560). In this technology, cooling fluid 1n a cooling device
1s utilized. Specifically, according to this technology, a
portion of the cooling fluid that has been heated during
running ol the engine 1s stored in a thermal storage tank
while keeping its heat even after the engine has been
stopped, and the warm cooling fluid is returned to the engine
before starting the engine. (In the following description, the
operation of returning heated cooling fluid to the engine
betfore starting it will be referred to as “preheat process™.)

Here, an example of an internal combustion engine hav-
ing a thermal storage device according to a related art will
be described with reference to FIGS. 1 and 2. FIGS. 1 and
2 are schematic diagrams showing an internal combustion
engine having a thermal storage device according to a
related art. The arrows 1n FIG. 1 indicate flows of cooling
fluad that serves as heat medium during the preheat process.
The arrows 1 FIG. 2 indicate tlows of cooling flud while
the engine 1s running.

As shown 1n these drawings, the internal combustion
engine having a thermal storage device 200 has an engine
main body 210 including a cylinder head 211 and a cylinder
block 212, a thermal storage tank 220 for storing a portion
of the cooling fluid serving as heat medium that has been
heated by the engine main body 210 while keeping 1ts heat,
an electric pump 230 for causing the cooling fluid to flow out
of the thermal storage tank 220, a mechanical pump 240
driven by a belt (not shown) provided 1n the engine main
body 210, a three-way valve 250 for switching the flow path
through which the cooling fluid runs, a heater core 260 used
for heating the vehicle cabin and a radiator 270 for cooling
the cooling tluid.

With the above-described structure, when the preheat
process 1s performed, the electric pump 230 1s turned on. At
that time, the valve 1n the three-way valve 250 that leads to
the heater core 260 1s closed. Accordingly, the cooling fluid
flows along a circulative flow path running through the
thermal storage tank 220, the cylinder block 212 and the
cylinder head 211 as shown in FIG. 1. Thus, warm cooling
fluid stored 1n the thermal storage tank 220 1s supplied to the
cylinder block 212 and the cylinder head 211. As per the
above, since the cylinder block 212 and the cylinder head
211 are heated before starting the engine, the engine warm-
up process 1s facilitated. Afterward, the electric pump 230 1s
turned off, and the preheat process 1s terminated.

While the engine 1s running, the mechanical pump 240 1s
operated. In that time, the valve 1n the tree-way valve 250
that leads to the thermal storage tank 220 1s closed. Accord-
ingly, the cooling fluid flows along a circulative tlow path
running through the engine main body 210 and the heater
core 260 and along a circulative flow path running through
the engine main body 210 and the radiator 270, as shown in
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FIG. 2. Thus, cooling fluid warmed by the engine main body
210 1s supplied to the heater core 260 and the radiator 270.
Consequently, the heater core 260 and the radiator 270 are
heated, and the heat of the cooling tluid 1s removed by the
heater core 260 and the radiator 270.

There 1s a known method of cooling during the engine
running, that 1s, the U-turn cooling system in which cooling
fluid 1s supplied to the cylinder block from one end of the
engine main body, and then supplied to the cylinder head
alter flowing by way of the other end (see, for example,
Japanese Patent Application Laid- Open No. 7-224631).
Some known internal combustion engines that utilize the
U-turn cooling system are further provided with a flow path
for feeding the cooling flmid supplied to the cylinder block
from one end of the engine maimn body directly to the
cylinder head. The main reason why the flow path for
supplying the heat medium to the cylinder head after the
U-turn travel in the cylinder block and the flow path for
teeding the heat medium directly from the cylinder block to
the cylinder head are provided 1s that the demand for cooling
1s stronger 1n the cylinder head than in the cylinder block 1n
the internal combustion engine. In this connection, the
internal combustion engine shown in FIGS. 1 and 2 1s
provided with the two types of flow paths for cooling
mentioned here.

In such internal combustion engines 200 provided with
two types of cooling fluid flow paths, when cooling fluid 1s
supplied to the engine main body 210 from the thermal
storage tank 220 1n the preheat process also, cooling flud 1s
supplied to the cylinder block from the one end of the engine
main body using the flow paths same as those used in
supplying cooling fluid while the engine 1s running.

In the preheat process, it 1s considered to be more effective
that the cylinder block be heated earlier than the cylinder
head 1n reducing frictions in various sliding portions and in
improving gas mileage.

An object of the present mmvention 1s to enhance the
clliciency of heating of the cylinder block by a thermal
storage device.

Another object of the present invention 1s to reduce fuel
consumption.

SUMMARY OF THE

INVENTION

To achieve the above objects, the present invention adopts
the following features.

In the structure according to the present invention, a flow
path that allows heat medium having been stored in a
thermal storage tank to tlow into a cylinder block after
flowing from one end to the other end of the cylinder block.
With this structure, 1t 1s possible to warm all the regions of
the cylinder block efliciently at an early stage.

More specifically, an internal combustion engine having a
thermal storage device according to the present mmvention
COmprises:

an engine main body having a cylinder block, a cylinder
head and a cooling flow path through which heat medium
flows to cool the engine;

a thermal storage tank for storing heat medium warmed
by the engine while keeping 1ts heat; and

a heating tlow path for feeding heat medium that has been
stored 1n the thermal storage tank into the interior of the
engine main body;

wherein a communication channel for allowing fluid
communication between the cylinder block and the cylinder
head 1s provided at one end side of the engine main body;
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said cooling tlow path includes a first flow path that
allows heat medium to flow into the cylinder block from the
one end side of the engine main body, to flow by way of the
other end side of the engine main body, and then to flow nto
the cylinder head through the communication channel pro-
vided at the one end side of said engine main body, and a
second tlow path that allows heat medium to flow into the
cylinder block from the one end side of the engine main
body and to flow 1nto the cylinder head directly through said
communication channel; and

said heating flow path 1s provided in such a way that heat
medium supplied from said thermal storage tank to enter
into the cylinder block from the other end side of the engine
main body.

According to the arrangement of present invention, the
heat medium stored 1n the thermal storage tank 1s fed into the
cylinder block from the other end side of the engine main
body. The communication channel that allows fluid com-
munication between the cylinder block and the cylinder head
1s provided at the one end side of the engine main body.
Accordingly, the heat medium supplied from the thermal
storage tank 1s fed to the cylinder head through the com-
munication channel after flowing from the other end side to
the one end side of the cylinder block. Thus, 1t 1s possible to
warm all the regions of the cylinder block ethiciently. There-
fore, 1t 1s possible to reduce irictions in sliding portions 1n
the cylinder block at an early stage and to reduce fuel
consumption.

The present invention also covers arrangements 1n which
a portion for allowing fluid communication between the
cylinder block and the cylinder head in addition to the
“communication channel” provided at the one end side of
the engine main body. However, 1t 1s necessary that the
“communication channel” according to the present mmven-
tion be the main flow path so that a large part of the heat
medium supplied from the thermal storage tank 1s fed to the
cylinder head through the communication channel after
flowing from the other end to the one end of the cylinder
block.

The aforementioned heating flow path may be constructed
to include at least a part of the aforementioned first flow
path. In that case, 1t 1s possible to allow the heat medium
supplied from the thermal storage tank to be fed to the
cylinder head through the communication channel after
flowing from the other end portion to the one end portion of
the cylinder block making use of the first flow path that 1s
originally provided to allow heat medium to flow by way of
the other end side of the engine main body and then to flow
into the cylinder head through the communication channel
provided at the one end side of the engine main body.

As a result, 1t 1s possible to warm all the regions of the
cylinder block efliciently by a simple structure.

Here, said one end side and said other end side may be one
and the other sides with respect to the direction of arrange-
ment of a plurality of cylinders arranged 1n a row 1n the
engine main body.

The internal combustion engine may further comprise:

a first pressure-feeding device for pressure-feeding heat
medium 1n said heating tlow path and

a second pressure-feeding device for pressure-feeding
heat medium in said cooling flow path, and the first pressure-
feeding device feeds heat medium stored 1n said thermal
storage tank into the engine main body in a state 1n which
pressure-feeding operation by the second pressure-feeding,
device 1s being stopped.

The second pressure-feeding device may be a mechanical
pump whose drive source 1s the engine.
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When the pressure-feeding operation by the first pressure-
teeding device 1s eflected, a portion of the heat medium may
be arranged to flow along a flow path running through said
mechanical pump and returning to the thermal storage tank.

With this structure, 1t 1s possible to replace the cooling
fluid staying 1n the mechanical pump by warm cooling fluid
that has been stored in the thermal storage tank.

The above-described various structures may be adopted 1n
any possible combination.

BRIEF DESCRIPTION OF THR DRAWINGS

FIG. 1 1s a schematic diagram showing the internal
combustion engine having a thermal storage device accord-
ing to a related art (schematic diagram showing flows of
cooling fluid during the preheat process).

FIG. 2 1s a schematic diagram showing the internal
combustion engine having a thermal storage device accord-
ing to the related art (schematic diagram showing flows of
cooling fluid while the engine 1s running).

FIG. 3 1s a schematic diagram showing the internal
combustion engine having a thermal storage device accord-
ing to embodiment 1 of the present invention (schematic
diagram showing flows of cooling fluid during the preheat
Process).

FIG. 4 1s a schematic diagram showing the internal
combustion engine having a thermal storage device accord-
ing to embodiment 1 of the present invention (schematic
diagram showing flows of cooling fluid while the engine 1s
running).

FIG. 5 1s a schematic cross sectional view of the cylinder
block of the internal combustion engine having a thermal
storage device according to embodiment 1 of the present
invention.

FIG. 6 1s a schematic diagram showing the internal
combustion engine having a thermal storage device accord-
ing to embodiment 2 of the present invention (schematic
diagram showing flows of cooling fluid during the preheat
Process).

FIG. 7 1s a schematic diagram showing the internal
combustion engine having a thermal storage device accord-
ing to embodiment 2 of the present invention (schematic
diagram showing flows of cooling fluid while the engine 1s
running).

FIG. 8 shows graphs comparatively illustrating heat
exchange efliciencies of an internal combustion engine
according to a related art and the internal combustion
engines according to embodiments 1 and 2.

FIG. 9 shows temperature distributions on the wall sur-
face of the cylinder block.

DESCRIPTION OF THE PREFERREI
EMBODIMENTS

In the following, the best mode for carrying out the
present invention will be described by way of example based
on embodiments with reference to the drawings. However,
the dimensions, materials, shapes and relative positions of
the components described 1n connection with the embodi-
ments are not mtended to limit the scope of the present
invention unless specified otherwise.

Embodiment 1

An 1nternal combustion engine having a thermal storage
device according to embodiment 1 of the present mnvention

will be described with reterence to FIGS. 3 to 5. FIGS. 3 and
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4 are schematic diagrams showing the internal combustion
engine having a thermal storage device according to
embodiment 1 of the present invention. The arrows 1n FIG.
3 indicate flows of cooling fluid that serves as heat medium
during the preheat process. The arrows 1n FIG. 4 indicate
flows of cooling fluid while the engine 1s running. FIG. 5 1s
a schematic cross sectional view of the cylinder block of the
internal combustion engine having a thermal storage device
according to embodiment 1 of the present invention. FIG. 5

corresponds to the cross section taken along line v—v 1n
FIG. 3.

<Basic Structure of the Internal Combustion Engine Having
Thermal Storage Device>

As shown 1n the drawings, the internal combustion engine
100 having a thermal storage device according to this
embodiment has an engine main body 10 including a cyl-
inder head 11 and a cylinder block 12, a thermal storage tank
20 for storing a portion of cooling fluid serving as heat
medium that has been heated by the engine main body 10
while keeping 1ts heat, an electric pump 30 for causing the
cooling fluid to flow and a mechanical pump 40 driven by a
belt (not shown) provided in the engine main body 10. The
internal combustion engine having a thermal storage device
according to this embodiment further includes a three-way
valve 50 for switching the flow path along which the cooling
fluid runs, a heater core 60 used for heating the vehicle cabin
and a radiator 70 for cooling the cooling fluid.

The engine described in this embodiment by way of
example 1s a four cylinder engine, and there are four
cylinders in the engine main body 10, namely, the first
cylinder 13, the second cylinder 14, the third cylinder 15 and
the fourth cylinder 16. In the drawings, the cylinders are
designated by signs #1, #2, #3 and #4 respectively for the
sake of simplicity. In this embodiment, the cylinders are
arranged 1n such a way that when the engine main body 10
1s mounted on a vehicle, the first to fourth cylinders 13 to 16
will be arranged 1n a row 1n this order from the front side (Fr)
to the rear side (Rr). Hereinafter, the front end of the engine
main body 10 will be referred to as the one end, and the rear
end will be referred to as the other end. The above-men-
tioned electric pump 30 and the mechanical pump 40
correspond to the first pressure-feeding device and the
second pressure-feeding device.

At the one end side of the engine main body 10, there 1s
provided a communication channel 17 serving as the path of
the cooling fluid that flows between the cylinder block 12
and the cylinder head 11. The cylinder head 11 1s provided
with an outlet 11a through which the cooling fluid flowing
in the cylinder head 11 (more specifically, flowing 1n a water
jacket provided in the cylinder head 11) flows out toward the
three-way valve 50 and an outlet 115 through which the
cooling fluid flowing 1n the interior of the cylinder head 11
flows out toward the radiator 70, both the outlets 11a and 115
being provided at the other end side of the engine main body
10. In addition, a thermostat (not shown) 1s provided at the
outlet 114. Thus, 1n the outlet 1154, the valve of the thermo-
stat opens only when the temperature of the cooling tluid
becomes higher than a predetermined temperature to allow
the cooling flmd to flow toward the radiator 70.

The cylinder block 12 1s provided with an inlet 125 for

introducing cooling flmd that 1s pressure-fed by the
mechanical pump 40 into the cylinder block 12 (more
specifically, into a water jacket provided in the cylinder
block 12), the inlet 126 being provided at the one end side
of the engine main body 10. The cylinder block 12 1s further
provided with an inlet 12a for introducing cooling fluid that
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6

1s pressure-fed from the thermal storage tank 20 by the
clectric pump 30 into the cylinder block 12, the inlet 124

being provided at the other end side of the engine main body
10

<Operation of Internal Combustion Engine Having Thermal
Storage Devuce (During the Preheat Process)>

FIG. 3 shows the operation state during the preheat
process. The preheat process 1s performed to warm the
engine preliminarily before starting the engine to facilitate
warm-up. The preheat process 1s started i1n response, for
example, to a preheat trigger signal such as a door switch
signal. Thus, the electric pump 30 1s turned on 1n response
to the preheat trigger signal. At that time, the valve 1n the
three-way valve 50 that leads to the heater core 60 1s closed.
Accordingly, a circulative flow F1 of cooling fluid 1s gen-
erated as indicated by the arrows in FIG. 3. During the
preheat process, the mechanical pump 40 1s not operated,
and therefore, no flows of cooling fluid are generated 1n the
other flow paths. Afterward, the electric pump 30 1s turned
ofl to terminate the preheat process. Here, the circulative
flow F1 of cooling flmid 1n this embodiment corresponds to
the heating tflow path.

The time over which the electric pump 30 1s kept on 1s set
in such a way that only warm cooling fluid stored in the
thermal storage tank 20 1s supplied into the engine main
body 10 but cold cooling fluid staying in the engine main
body 10 does not return to the engine main body 10 again
alter passing through the thermal storage tank 20. As per the
above, 1t 1s possible to warm the engine main body 10, or the
cylinder block 12 and the cylinder head 11, by means of
warm cooling fluid stored in the thermal storage tank 20
before the engine 1s started, namely while the engine 1s in a
cold state. Thus, i1t 1s possible to facilitate the warm-up
process as described in the following.

<Operation of Internal Combustion Engine Having Thermal
Storage Device (During Engine Running)>

FIG. 4 shows the operation state while the engine 1s
running. After the above-described preheat process 1s com-
pleted, the mechanical pump 40 1s operated with the start of
the engine. At that time, the valve 1n the three-way valve 50
that leads to the thermal storage tank 20 1s closed. Accord-
ingly, a circulative flow F2 of cooling flmd 1s generated as
indicated by the arrows in FIG. 4. While the engine 1is
running, the electric pump 30 1s not operated, and therefore,
no circulative flows of cooling fluid are generated in the
other circulative tlow paths. However, 1n the state where the
temperature of the cooling flmd 1s low, the valve of the
thermostat provided at the outlet 115 1s being closed, and the
cooling fluid circulates only along the flow path running
through the heater core 60. On the other hand, 1n the state
where the temperature of the cooling tluid 1s higher than or
equal to a predetermined temperature, the valve of the
thermostat 1s being open, and the cooling fluid circulates
along the flow path running through the heater core 60 and
the flow path running through the radiator 70. Here, the
circulative flow F2 of cooling fluid in this embodiment
corresponds to the cooling tlow path.

As per the above, while the engine 1s running, the cooling
fluad 1s supplied to the heater core 60 and the radiator 70, so
that the temperature of these portions increases while the
temperature of the cooling fluid decreases. At an appropriate
time while the engine 1s running or after the running of the
engine has been stopped, the electric pump 30 1s turned on
to store the cooling fluid that has been heated up to a high
temperature 1n the thermal storage tank 20 in preparation for
the next preheat process.
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<Details of Flows of the Cooling Fluid>

In the internal combustion engine according to this
embodiment, two flow paths are provided as the tlow paths
through which the cooling fluid flows from the cylinder
block 12 to the cylinder head 11 while the engine 1s running.
One 15 a flow path that goes into the interior of the cylinder
block 12 from the mlet 125 at the one end side of the engine
main body 10, goes around the first cylinder 13, the second
cylinder 14, the third cylinder 15 and the fourth cylinder 16
arranged 1n a row to go by way of the other end side of the
engine main body 10, and goes to the cylinder head 11
through the communication channel 17 (indicated by arrow
X1 1 FIG. 5). This flow path 1n this embodiment corre-
sponds to the first flow path. The other 1s a flow path that
goes 1nto the interior of the cylinder block 12 through the
inlet 125 at the one end side of the engine main body 10 and
then directly goes to the cylinder head 11 through the
communication channel 17 (indicated by arrow X2 1n FIG.
5). This tlow path in this embodiment corresponds to the
second tlow path.

The reason why the two types of tlow paths are provided
to cool the engine 1s to cool the cylinder head 11 more
preferentially than the cylinder block 12. In order to cool the
cylinder head 11 preferentially, the flow paths are designed
in such a way that the quantity of flow 1n the flow path
directly going to the cylinder head 11 through the commu-
nication channel 17 (indicated by arrow X2) 1s larger than
the quantity of tlow in the tlow path going by way of the
other end side of the engine main body 10 and then going to
the cylinder head 11 through the communication channel 17
(indicated by arrow X1).

On the other hand, in the preheat process, the warm
cooling fluid that has been stored in the thermal storage tank
20 flows 1nto the mterior of the cylinder block 12 from the
inlet 12a at the other end side of the engine main body 10,
then flows in the direction from the fourth cylinder 16
toward the first cylinder 13 while diverging to both sides of
the row of the cylinders, and flows 1nto the cylinder head 11
through the commumnication channel 17 (indicated by arrows

Y 1n FIG. S.

As per the above, 1n the preheat process, since the warm
cooling fluid that has been stored 1n the thermal storage tank
20 1s carried to the cylinder head 11 after flowing from the
other end side to the one end side of the cylinder block 12,
all the regions of the cylinder block 12 can be warmed
cliciently at an early stage. Therefore, 1t 1s possible to
reduce Irictions of sliding portions in the cylinder block 12
at an early stage. This leads to a reduction 1n fuel consump-
tion. Furthermore, since the efliciency of heat exchange can
be enhanced, 1t 1s possible to reduce the amount of warm
water required for preheat, or the amount of cooling fluid
stored 1n the thermal storage tank 20. Accordingly, it 1s
possible to realize a reduction 1n the cost as well as a
downsizing of the thermal storage tank 20 and a reduction 1n
the space for accommodating it.

Embodiment 2

FIGS. 6 and 7 show embodiment 2 of the present inven-
tion. In the structure that will be described as this embodi-
ment, a flow path for replacing, in the preheat process, the
cooling fluid in the interior of the mechanical pump 40 also
with warm heat medium that has been stored 1n the thermal
storage tank 20 1s added to the above-described structure of
embodiment 1. The other structures and operations are the
same as those in embodiment 1. Accordingly, the same
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8

components will be designated by the same reference
numerals, and descriptions thereol will be omitted.

FIGS. 6 and 7 are schematic diagrams showing an internal
combustion engine having a thermal storage device accord-
ing to embodiment 2. The arrows 1n FIG. 6 indicate flows of
cooling fluid that serves as heat medium during the preheat
process. The arrows 1 FI1G. 7 indicate tlows of cooling fluid
while the engine 1s running.

In this embodiment, a flow path 7Z for allowing, in the
preheat process, the cooling fluid supplied into the interior
of the cylinder block 12 from the thermal storage tank 20 to
return to the thermal storage tank 20 again through the
mechanical pump 40 and the three-way valve 50 1s further
provided 1 addition to the arrangement of the above-
described embodiment 1.

With the above structure, as shown in FIG. 6, a circulative
flow of cooling fluid running through the cylinder block 12
and the mechanical pump 40 also occurs 1n the preheat
process 1n addition to the flow of cooling flmd that was
described in connection with the above-described embodi-
ment 1. By this tlow, cold cooling fluid 1n the interior of the
mechanical pump 40 1s replaced by warm cooling fluid that
has been stored 1n the thermal storage tank 20. Accordingly,
as shown 1n FI1G. 7, when the mechanical pump 40 operates
alfter completion of the preheat process, the cooling fluid
flowing into the cylinder block 12 from the mechanical
pump 40 side through the inlet 125 1s warm cooling fluid that
has been stored 1n the thermal storage tank 20. Therefore, the
cylinder block 12 1s not cooled again, and it 1s possible to
facilitate the warm-up process further.

The flows of cooling fluid while the engine 1s runming are
the same as those 1n the case of the above-described embodi-
ment 1, as shown 1n FIG. 7.

<Others>

Comparisons of the internal combustion engines accord-
ing to embodiments 1 and 2 and an internal combustion
engine according to a related art will be described 1n the
tollowing with reference to FIGS. 8 and 9.

FIG. 8 1s a graph comparatively illustrating the heat
exchange efliciencies of the internal combustion engine
according to a related art and the internal combustion
engines according to embodiment 1 and 2. The heat
exchange efliciencies were computed based on measured
values of the change 1n the temperature of the cooling fluid
contained in the thermal storage tank before and after the
preheat process. Specifically, the heat exchange efliciency 1s
given by the following formula:

heat exchange efficiency (%)=(supplied heat quan-

tity/100% supplied heat quantity)x100,
where,
supplied heat quantity=quantity of warm water sup-
pliedxspecific heatxtemperature change (1.e.

temperature at the tank outlet minus temperature of fluid
returning to the tank), and

100% supplied heat quantity=quantity of warm water
suppliedxspecific heatxtemperature change (i.e.

temperature at the tank outlet minus temperature of the
internal combustion engine before supplied with warm
water). From the graph of FIG. 8, it will be seen that the
internal combustion engines according to embodiments 1
and 2 have heat exchange efliciencies higher than that in the
related art. In addition, among embodiments 1 and 2,
embodiment 2 in which replacement of the cooling fluid 1n
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the interior of the mechanical pump 40 1s effected during the
preheat process has the higher heat exchange efliciency.

FIG. 9 shows temperature distributions on the wall sur-
face of the cylinder block. The temperature distributions
shown are temperature distributions on the wall surface of
the cylinder block at a predetermined time after the start of
the preheat process (or just after completion of the preheat
process) for the internal combustion engine according to the
related art and the internal combustion engines according to
embodiments 1 and 2. In FIG. 9, FIG. 9A shows the
distribution 1n embodiment 1, FIG. 9B shows the distribu-
tion 1n embodiment 2, and FIG. 9C shows the distribution 1n
the related art. In each graph, the horizontal axis represents
the position in the cylinder block along the anteroposterior
direction as 1t 1s mounted on a vehicle, and the vertical axis
corresponds to the depth direction of the cylinder block.
Signs #1-—+#4 1n the graphs indicate the positions of the center
line of the respective cylinders. In these graphs, temperature
curves are drawn for every five degrees (° C.).

From the temperature distributions, it will be seen that in
the case of the internal combustion engine according to the
related art, the temperature 1s high in the front side portion
(or the left side portion 1n the graph) and decreases toward
the rear side (or the right side in the graph). In addition, it
will also be seen that the overall temperature of the cylinder
block 1s low. This 1s because a large part of the warm cooling,
fluid supplied from the thermal storage tank flows to the
cylinder head directly.

On the other hand, 1n the case of the internal combustion
engines according to embodiments 1 and 2 of the present
invention, 1t will be seen that the temperature of the cylinder
block 1s relatively high in the rear side portion, and gradually
decreases toward the front side. It will also be seen that the
overall temperature of the cylinder block 1s significantly
high as compared to the related art. This 1s because warm
cooling fluid supplied from the thermal storage tank tflows to
the cylinder head after 1t flows all the regions of the cylinder
block.

From the above comparison, 1t will be understood that the
cylinder block can be warmed more efliciently in the
embodiments of the present invention than 1n the related art.

As has been described in the foregoing, according to the
present mnvention, 1t 1s possible to enhance the efliciency of
warming the cylinder block by the thermal storage device. In
addition, fuel consumption can be reduced accordingly.

What 1s claimed 1s:

1. An 1ternal combustion engine having a thermal stor-
age device comprising:

an engine main body having a cylinder block, a cylinder

head and a cooling flow path through which heat
medium tlows to cool the engine;

a thermal storage tank for storing heat medium warmed

by the engine while keeping 1ts heat; and

a heating flow path for feeding heat medium that has been

stored 1n the thermal storage tank into the interior of the
engine main body;

wherein a commumnication channel for allowing tluid

communication between the cylinder block and the
cylinder head 1s provided at one end side of the engine
main body;

said cooling flow path includes a first flow path that

allows heat medium to flow ito the cylinder block
from the one end side of the engine main body, to tlow
by way of the other end side of the engine main body,
and then to flow into the cylinder head through the
communication channel provided at the one end side of
said engine main body, and a second flow path that
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allows heat medium to flow into the cylinder block
from the one end side of the engine main body and to
flow 1nto the cylinder head directly through said com-
munication channel; and

said heating flow path 1s provided 1n such a way that heat

medium supplied from said thermal storage tank to
enter into the cylinder block from the other end side of
the engine main body.

2. An mternal combustion engine having a thermal stor-
age device according to claim 1, wherein said heating tlow
path includes at least a part of said first tlow path.

3. An mternal combustion engine having a thermal stor-
age device according to claim 2, wherein said one end side
and said other end side are one and the other sides with
respect to the direction of arrangement of a plurality of
cylinders arranged 1n a row 1n the engine main body.

4. An mternal combustion engine having a thermal stor-
age device according to claim 3, wherein the engine further
comprises a first pressure-feeding device for pressure-feed-
ing heat medium 1n said heating flow path and a second
pressure-feeding device for pressure-feeding heat medium
in said cooling flow path, and the first pressure-feeding
device feeds heat medium stored 1n said thermal storage tank
into the engine main body 1n a state in which pressure-
teeding operation by the second pressure-feeding device 1s
being stopped.

5. An internal combustion engine having a thermal stor-
age device according to claim 4, wherein said second
pressure-feeding device comprises a mechanical pump
whose drive source 1s the engine.

6. An internal combustion engine having a thermal stor-
age device according to claim 5, wherein when pressure-
feeding operation by the first pressure-feeding device 1is
cllected, a portion of the heat medium flows along a flow
path running through said mechanical pump and returning to
the thermal storage tank.

7. An mternal combustion engine having a thermal stor-
age device according to claim 2, wherein the engine further
comprises a first pressure-feeding device for pressure-feed-
ing heat medium 1n said heating tlow path and a second
pressure-feeding device for pressure-feeding heat medium
in said cooling tlow path, and the first pressure-feeding
device feeds heat medium stored 1n said thermal storage tank
into the engine main body 1n a state in which pressure-
feeding operation by the second pressure-feeding device 1s
being stopped.

8. An imternal combustion engine having a thermal stor-
age device according to claim 7, wheremn said second
pressure-feeding device comprises a mechanmical pump
whose drive source 1s the engine.

9. An mternal combustion engine having a thermal stor-
age device according to claim 8, wherein when pressure-
feeding operation by the first pressure-feeding device 1is
ellected, a portion of the heat medium flows along a tlow
path running through said mechanical pump and returning to
the thermal storage tank.

10. An internal combustion engine having a thermal
storage device according to claim 1, wherein said one end
side and said other end side are one and the other sides with
respect to the direction of arrangement of a plurality of
cylinders arranged 1n a row 1n the engine main body.

11. An internal combustion engine having a thermal
storage device according to claim 10, wherein the engine
turther comprises a {first pressure-feeding device for pres-
sure-feeding heat medium 1n said heating flow path and a
second pressure-feeding device for pressure-feeding heat
medium 1 said cooling flow path, and the first pressure-
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teeding device feeds heat medium stored in said thermal
storage tank into the engine main body 1n a state 1n which
pressure-feeding operation by the second pressure-feeding
device 1s being stopped.

12. An internal combustion engine having a thermal
storage device according to claim 11, wherein said second
pressure-feeding device comprises a mechanical pump
whose drive source 1s the engine.

13. An internal combustion engine having a thermal
storage device according to claim 12, wherein when pres-
sure-feeding operation by the first pressure-feeding device 1s
cllected, a portion of the heat medium tlows along a tlow
path running through said mechanical pump and returning to
the thermal storage tank.

14. An internal combustion engine having a thermal
storage device according to claam 1, wherein the engine
turther comprises a {first pressure-feeding device for pres-
sure-feeding heat medium 1n said heating flow path and a
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second pressure-feeding device for pressure-feeding heat
medium 1n said cooling flow path, and the first pressure-
feeding device feeds heat medium stored in said thermal
storage tank 1nto the engine main body 1n a state 1n which
pressure-feeding operation by the second pressure-feeding
device 1s being stopped.

15. An internal combustion engine having a thermal
storage device according to claim 14, wherein said second
pressure-feeding device comprises a mechanmical pump
whose drive source 1s the engine.

16. An internal combustion engine having a thermal
storage device according to claim 15, wherein when pres-
sure-feeding operation by the first pressure-feeding device 1s
ellected, a portion of the heat medium flows along a tlow
path running through said mechanical pump and returning to
the thermal storage tank.
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